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ABSTRACT 

Suspected declines in cutthroat trout Oncorhynchus clarki abundances in Southeast Alaska and a 
history of thorough research in the 1960s at the Lake Eva system (Baranof Island) prompted a re- 
examination of the system in 1995. All sea-run cutthroat trout and Dolly Varden Salvelinus 
malma exiting the Lake Eva system between 14 April and 3 1 July 1995 were counted at a weir 
on the lake’s outlet. A total of 2,562 cutthroat trout and 117,821 Dolly Varden passed 
downstream through the weir, and were defined as sea-run. These numbers far exceeded the 
historical emigrations observed in the 1960s at Eva Creek. The mean fork lengths of 303 mm for 
sea-run cutthroat trout and 304 mm for sea-run Dolly Varden during 1995 were also greater than 
those recorded during the early 1960s, which were 284mm and 253 mmfork length, 
respectively. Dolly Varden age 6 and less in 1995 tended to be larger at age than in 1963. Year- 
class and other effects contributed to these results. Cutthroat trout present in Lake Eva during 
July (when adult sea-run trout are essentially absent) were defined as residents, and a two-event, 
mark-recapture method was used to estimate that 2,154 (SE 274) cutthroat trout 2180 mm fork 
length were present. Mean fork length of resident trout 2180 mm was 240 mm. The density and 
the length distribution of resident cutthroat trout in Lake Eva did not appear substantially 
different from other cutthroat trout populations in Southeast Alaska. 

Key words: Alaska, Lake Eva, cutthroat trout, Dolly Varden, sea-run, weir, abundance, otolith, 
age, length, mark-recapture 
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INTRODUCTION 

Concern over suspected declining abundance in Southeast Alaska cutthroat trout Oncorhynchus 
clarki populations (Figure 1) prompted the Alaska Board of Fisheries to adopt more restrictive 
regulations for cutthroat trout in 1994. Historical data exists for few systems in Southeast 
Alaska, but extensive research was conducted at the Eva system during the 1960s (Heiser 1966; 
Armstrong 197 1). The availability of this information provided a unique opportunity to contrast 
the sea-run populations of cutthroat trout and Dolly Varden Salvelinus malma at Lake Eva across 
long time periods. Since Lake Eva was considered largely unexploited during the 1960s, present 
conditions should provide insight into the effects of increased harvest and environment on the 
lake’s trout and Dolly Varden populations. 

The objectives of this project were to 1) enumerate the spring emigration of Overwintering Dolly 
Varden and cutthroat trout from Lake Eva between April and July 1995; 2) estimate the size 
composition of overwintering Dolly Varden and sea-run cutthroat trout from the spring 
emigration; 3) estimate the abundance of resident cutthroat trout 2180 mm fork length in Lake 
Eva during July 1995 when adult, sea-run cutthroat trout are absent; 4) estimate the size 
composition of cutthroat trout 2180 mm fork length in Lake Eva during July 1995 when adult 
sea-run cutthroat trout are absent; 5 )  estimate whether potamodromous (continuously resident) 
cutthroat trout exist in Lake Eva by using otolith microchemistry; and 6) mark fish for the first 
event of a multi-year Jolly-Seber abundance experiment. We also aged Dolly Varden to enable 
more comparisons with the historical data (Heiser 1966). 

STUDY AREA 

The Lake Eva drainage is located on northeastern Baranof Island in Southeast Alaska (Figure 2)’ 
and drains into Peril Straits at Hanus Bay (57” 24’ 31” N, 125” 4’ 3” W). Lake Eva’s 
(anadromous stream catalog number 113-52-10040-0010) surface area is 105 ha and its 
maximum depth is 22 m (Figure 3). Eva Creek (anadromous stream catalog number 113-52- 
10040) is approximately 1.5 km long, 20 to 50-m wide, and 0.3 to 2-m deep. 

The Lake Eva system is an important over-wintering site for sea-run Dolly Varden and cutthroat 
trout populations. During 1962-64 an average of 1,346 cutthroat trout (range 1,210 to 1,594) 
emigrated, and during 1962 and 1963 an average of 66,130 Dolly Varden (range 38,957 to 
93,303) emigrated from Lake Eva (Heiser 1966; Armstrong 1971). Sport fishing effort has 
increased from 4 0  anglers per year during 1962-64 (Armstrong 1971) to 280 angler-days in 
1977 to 551 angler-days in 1993 (Mills 1979-1994). A USDA-Forest Service public use cabin 
was built on Lake Eva in 1980 and was occupied continuously during the summer of 1995 
(personal observation). A foot trail along Eva Creek also received daily use during the spring 
and summer of 1995 (personal observation). 
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Dolly Varden harvests in the Eva system may have increased slightly between 1977 and 1993, 
while cutthroat trout harvests may have decreased slightly during the same period (Figure 1). 
The decreasing harvest-per-unit-effort of cutthroat trout may reflect changing angler values (i.e. 
more catch and release) or somewhat lower abundances. 

METHODS 

MIGRANT FISH 
A weir was placed in Eva Creek approximately midway between Lake Eva and Hanus Bay, at the 
exact site of the 1962-64 weir (Figure 3). The weir was composed of 18-mm diameter steel 
pickets with 3 1 -mm maximum gaps between each picket. The upstream face of the weir was 
overlaid with 1.2 by 2.4-m steel frames covered with 18 by 2 1 -mm rectangular-opening plastic 
mesh (extruded polyethylene). The mesh and frames were attached to the weir with cable ties, 
and the entire interface of the mesh and the stream bed was covered with sandbags. This design 
was significantly different from the historic weir, which was a wooden platform and weighted 
cribs that supported panels of 16-mm square opening wire mesh (Armstrong 1965, 1971). The 
Armstrong design was reported to stop Dolly Varden and cutthroat trout >45 mm FL. Traps 
were placed both on the upstream and downstream sides of the 1995 weir to capture all fish 

r- Hanus 

Figure 3.-Lake Eva, Eva Creek and Hanus Bay, showing the weir site and the 
boundaries of the lake sampling areas. Scale is approximate. 
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moving either way. The 1995 weir operated continuously from 14 April through 3 1 July. Weir 
integrity was checked at least daily, and fish in either trap were processed whenever necessary to 
avoid crowding. Water temperature and depth were recorded at about 0800 hours each day. 

All fish passed through the weir were defined as sea-run. This definition was used because it is 
consistent with the 1962-64 baseline data and was easy to apply. “Sea-run” is used to describe 
the cutthroat trout and Dolly Varden migrating between fresh and salt water. These fish usually 
use saltwater for transportation to adjacent freshwater systems or for seasonal residence, whereas 
fully anadromous fish, such as steelhead and salmon, remain in salt water a full year or more and 
visit only one freshwater system. While some fish were observed to remain in lower Eva Creek 
throughout the summer and never enter salt water, this proportion appeared to be small and was 
ignored. All cutthroat trout and Dolly Varden not passed through the weir were defined as 
resident, but obviously include immature fish of both life histories. 

Every cutthroat trout 2180 mm FL passed through the weir was counted, examined for fin clips, 
tagged with a uniquely-numbered FloyB (T-bar anchor) tag, measured for FL to the nearest 
1 mm, had scales collected from the peduncle region (left supro-lateral), and had its adipose fin 
fully removed as a double mark. Every cutthroat trout 4 8 0  mm FL was processed as above 
except it was not FloyB tagged and its left ventral fin instead of its adipose fin was fully 
removed. 

Every Dolly Varden passed downstream through the weir was counted, and every 200th fish 
passed was measured for FL to the nearest 1 mm and sacrificed for otoliths (sagittae) to 
determine its age. Every Dolly Varden passed upstream though the weir was counted, examined 
for fin clips, and was given a hole punch in its caudal fin to avoid double-counting if the fish 
moved though the weir repeatedly. Once Dolly Varden moving upstream were marked, every 
Dolly Varden moving downstream was inspected for the caudal punch. 

Otoliths collected from Dolly Varden were cleaned and stored dry. For age determination, 
otoliths were soaked in a 1% solution of detergent and distilled water for 8-24 h and viewed with 
a dissecting microscope using a black background, reflected light, and 15X magnification. The 
number of hyaline (dark) rings were counted and considered to be annuli. These are the identical 
methods Heiser (1 966) used to determine the ages of Lake Eva Dolly Varden. To evaluate reader 
bias in the otolith aging, we re-read 100 randomly-selected otoliths from the original 1963 
sample, and compared both readings. We also located the raw data collected at Eva Creek during 
the 1960s at the Alaska Department of Administration, Archives and Record Management 
Services (Appendix Al), to estimate historical Dolly Varden length-frequencies, age 
compositions, and daily run timing. 

Size and age composition of migrant Dolly Varden char was estimated by 

a i  
n 

f i i  = - 
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where j3 i = estimated proportion of group i (size or age group), a i = number in group i, and n = 

number successfully aged or measured for length. 

Since all cutthroat trout were measured, the size composition of emigrant cutthroat trout is known. 
All other species of fish were counted and passed through the weir. 

RESIDENT FISH 
Considering the historical data for the Eva system, we anticipated that 14 July would be the date 
of least overlap between the emigrating and immigrating sea-run cutthroat trout (Figure 4). A 
two-event mark-recapture experiment to estimate the abundance of resident cutthroat trout in 
Lake Eva was thus conducted around this date. Fish were marked during 2 July to 12 July (event 
l), and then sampled for marks during 22 July to 1 August, 1995 (event 2). 

Lake Eva’s surface was divided into three sampling areas to facilitate testing for the mixing of 
tagged fish (Figure 3). The number of trap sets (one trap fished overnight) in each area was made 
in proportion to the lake’s surface area, and a total of 130 sets occurred during each sampling 
event. Distribution of the traps across the lake was determined by overlaying a uniform grid of 
numbered points across a map of the lake. Points for placing traps were systematically chosen 
after the first point was randomly chosen. For example, i f p  points were available in area 1 and t 
traps were to be set, the first point was a randomly chosen number between 1 andp/t. Once the 
first point was selected, the remaining traps were systematically placed every p/t points from the 
first point. I fph was not an integer, it was always rounded down, to avoid having too many traps 
for the number of available points. 

Traps were baited with approximately 300 ml of salmon eggs and placed on the lake bottom. 
Traps were always fished overnight, for 14-24 h. Each trap consisted of a cylindrical, aluminum 
frame 1.0 m long and 0.6 m in diameter, covered with 6-mm-square opening plastic mesh 
(extruded polyethylene). At each end was an inward-pointing funnel with a circular opening of 
approximately 90 mm. The funnels were also constructed of 6-mm-square opening plastic mesh. 
Additionally, fish were captured with hook and line, using standard sport fishing gear and 
methods. Hook and line sampling effort was also distributed in proportion to the surface area in 
each sampling area. All depths within each area were fished by hook and line, but the majority 
of effort occurred near-shore, at the most productive depths. 

During the marking event, every cutthroat trout 21 80 mm FL captured was counted, examined 
for fin clips, tagged with a uniquely-numbered FloyB tag inserted on the left side immediately 
below the dorsal fin, measured to the nearest 1 mm FL, sampled for scales from the peduncle 
region (left supro-lateral), and fin-clipped as a double mark. Fish were allowed to recover and 
released in the area of capture. Any unusual fish condition (tagging stress) was noted. Cutthroat 
trout 4 80 mm FL were processed as above except that Floy tags were not placed. 
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Figure 4.-Timing of the immigration and emigration of sea-run cutthroat trout at Lake 
Eva during 1962-64 and 1995, showing the date of least overlap of the migrations, 14 July. 

During the sampling event, all captures 2180 mm FL were counted, measured for length, fin 
clips and tag numbers of marked fish were recorded, and tip of anal fin clips were given to 
identify redundant captures, should it be captured again. Cutthroat trout marked at the weir were 
noted but not used in any way for the population estimate. Dolly Varden captured were counted 
only. 

The assumption of complete spatial mixing of marked and unmarked fish 2180 mm FL between 
sampling events was tested with a contingency table (chi-square test) comparing the numbers of 
marked and unmarked fish captured in each area. Size-selectivity among sampling events was 
tested with a Kolmogorov-Smirnov (K-S) test. Procedures for estimating abundances when 
sampling is size selective are detailed in Appendix A2. Tag loss and tagging stress were recorded 
on every fish to ensure they were low. Chapman's modification of the Peterson model was used to 
estimate the abundance of cutthroat trout 21 80 mm FL, 
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where fi= abundance of cutthroat trout 2 180 mm FL, nl= number of cutthroat trout 2180 mm FL 
marked in event 1, n2= number of Cutthroat trout 2180 mm FL examined in event 2, and m2 = 

number of marked cutthroat trout recaptured in event 2. 

The length composition of resident cutthroat trout was estimated by equations 1 and 2 above. 
Because the assumptions of closely-spaced, Petersen mark-recapture methods for cutthroat trout 
appear to be violated significantly in some experiments (Robert Marshall, Alaska Department of 
Fish and Game, Douglas, personal communication), an inter-annual (three year) Jolly-Seber model 
was added to the experiment, to facilitate greater mixing, lessen behavioral effects, and allow for 
mortality, recruitment, or emigration between samples. For the Jolly-Seber model, event 1 was a 
consolidation of events 1 and 2 of the Peterson model during July 1995, event 2 was the fish 
marked during July 1996, and event 3 will occur during July 1997. This three-event experiment 
will produce an abundance estimate that will be germane to event 2 (July 1996). 

Determination of whether potomodromous cutthroat trout reside in Lake Eva was planned using 
the methods of Rieman et al. (1994). The usefulness of the Sr/Ca (atomic) ratio in fish otoliths 
(the sagitta bone of the inner ear) as a marker of anadromy requires that a substantial difference 
in the Sr/Ca ratio exists between the target freshwater environment and nearby marine 
environment (Rieman et al. 1994). We assumed the nearby salt water would have a SdCa ratio 
of 0,0087 (Bruland 1983). On 5 May 1995, two 100-ml water samples were collected from the 
central basin in Lake Eva, one sample from 1 -m deep and the second from 15-m deep. A control 
sample of distilled water was also analyzed. Each sample was preserved with approximately 
0.5 ml of 1:l nitric acid and stored at room temperature. The Lake Eva samples and a control 
sample were analyzed by Northern Testing Laboratories (Fairbanks, Alaska) on 7 July 1995, 
using atomic absorption spectrometry. 

RESULTS 

MIGRANT DOLLY VARDEN 
The total number of Dolly Varden passed downstream through the weir was 117,821 fish 
(Appendix A3). The first Dolly Varden was captured on 14 April, the daily count peaked on 
27 May, the midpoint of the emigration occurred on 15 May, and it was five weeks between the 
5th and the 95th percentile of run (Figure 5).  Most of the emigration occurred when the water 
temperature was between 4 and 9°C. High daily counts of emigrant Dolly Varden frequently 
coincided with high gage heights. The mid-point of the 1995 Dolly Varden emigration fell within 
those of the historical data, which were 21 May 1962 and 10 May 1963 (Figure 6) .  A total of 
14,196 Dolly Varden were passed upstream through the weir. The upstream migration began on 
1 June, and was continuous from 19 June until the weir was removed. 

The length distribution of emigrant Dolly Varden in 1995 was bi-modal, with peaks at the 24 1 - 
260 and 321-340 mm FL categories (Figure 7; Appendix A4). The mean FL of all emigrants 
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sampled during 1995 was 304 mm (SE 3.3 mm) and the range was 79 to 620 mm (N=591). The 
mean FL of all emigrants sampled during 1963 was much smaller at 253 mm (Heiser 1966, 
N=1,355; Figure 6). The 1995 emigrant Dolly Varden were significantly larger than those in 
1963 (K-S test, P<O.OOl, n1=1,355, n2=591,Dm,=0.323). 

Mean weekly FL of Dolly Varden in 1995 varied between weeks and did not have a general 
trend, but in 1963 it decreased steadily (Figure 8). The 1995 weir design appeared to stop all fish 
2150 mm fork length (FL), moving either upstream or downstream. Even with the smaller mesh 
used in 1963, very few emigrant Dolly Varden were 1160 mm FL, so the differences in weir 
designs and mesh size were not considered significant factors in the fish catches (Figure 6). 
However, uniform sampling was used in the 1963 study (approximately 35 fish every other day), 
in spite of an apparent trend in FL with emigration time. To assess the impact of the 1963 
sampling design, we located the original 1963 data (Appendix Al)  and calculated an unbiased 
estimate of 239 mm for the mean FL in 1963 by weighting the mean FL for each two-day period 
by the abundance in the two-day period. This hrther demonstrates the significant differences in 
the 1995 mean FL estimate (304 mm) and the 1963 mean FL estimate (253 unweighted and 
239 mm weighted) for Dolly Varden emigrants. 

A total of 591 emigrant Dolly Varden were sampled for age (otoliths) and length during 1995. 
Of these, 296 otoliths (every other otolith) were read, with 21 judged unreadable. Age 5 was the 
dominant age class, followed closely by age 4 and age 6 (Table 1; Figure 9), and the age 
composition appears shifted towards older fish, relative to 1963. Differences in the age 
composition between 1963 and 1995 are, however, partly a result of differences in how readers 
assigned age to the otolith patterns (reader bias). In the sample of 100 otoliths selected from the 
1963 study, we tended to assign somewhat older ages in 1995, especially for fish age 24 
according to the 1963 reader (Figure 10). 

Robust, quantitative comparisons (with larger sample sizes) of the 1963 and 1995 age 
compositions were outside the scope of this study. For an exploratory purpose, we adjusted the 
age composition estimates from 1963 into estimates that account for the 1995 reader’s bias. This 
was done by converting the reader-agreement data (Figure 10) into a transition matrix (dividing 
each observation by the row total), multiplying numbers at age in the 1963 sample (of 1,355 fish; 
Table 1) through the matrix, and adding the results by age (column totals), to produce the 1963 
age composition from the 1995 reader’s perspective. 

In contrast to the apparent, unadjusted differences (Table 1 ; Figure 9), estimates for the dominant 
age classes 4 (29.7% vs. 26.5%) and 5 (33.8% vs. 31.6%) come into closer agreement for the 
adjusted 1963 and the 1995 estimates, respectively. The difference for fish aged 6 (in the 1995 
reader’s eyes), however, remained very different (14.0% vs. 23.3%) for the adjusted 1963 and 
1995 estimates. The relative proportions of fish age 2 and 3 and fish age 27 did not change 
greatly. Thus, while the obvious differences in the size of Lake Eva Dolly Varden in 1963 and 
1995 (Figure 6) was not well quantified in terms of age, the differences are likely less than 
suggested in Table 1 and Figure 9 and largely due to the presence of a strong older age class in 
1995. 
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Mean length at age increases smoothly for estimated ages 57 in 1995 (Table 1 ; Figure 1 1). Small 
sample size (N 57) and possible errors in aging suggest estimates for older fish are unreliable, 
especially when contrasted with estimates from 1963. Differences between the 1963 and 1995 
results for fish age 57 might also result from differences in aging methods, as described above. 
However, results from the reader bias study suggest that significant differences in mean length at 
age in 1963 and 1995 exist regardless of the effects of bias in estimating age. As shown in 
Figure 11, bias in mean length at age for the 100 fish aged in both 1963 and 1995 (the study 
described above) is relatively insignificant for fish age 2-4, while estimates for fish age 5 and 6 
are lower in 1995 (Figure 1 l), and sample sizes for fish age 27 are too small to be useful (Figure 
10). Thus, the increase in mean length at age in 1995 relative to 1963 is accurate for fish age 14, 
conservative for fish age 5 and 6, and indeterminate for fish age 27. 

MIGRANT CUTTHROAT TROUT 
A total of 2,562 cutthroat trout were passed downstream though the weir (Appendix A3). Nearly 
all (2,535) trout were 2180 mm FL. The first trout was captured on 21 April, the daily count 
peaked on 11 May, and the mid-point of the run occurred on 19 May (Figure 4). The run was 
relatively protracted, taking seven weeks from the 5th to 95th percentile of the run. Most of run 
occurred when while the water temperature was between 4.5 and 14°C. There was some, but not 
a strong, association between the daily count and gage height (Figure 5). 

The length distribution of the 1995 sea-run cutthroat trout was bi-modal, with peaks in the 221- 
240 and 341-360 mm FL categories (Figure 12; Appendix A4). The mean FL of all sea-run trout 
was 303 mm, and the range was 141 to 485 mm (N=2,562). The mean weekly FL of sea-run 
cutthroat trout decreased steadily over time (Figure 13). 

Obviously ripe trout (gametes spontaneously exuded during handling) were observed 
immediately, the last ripe trout was observed on 11 June, and 24% of all cutthroat trout passed 
downstream were ripe. The occurrence of ripe males peaked during the week of 15-21 May, and 
ripe females peaked a week later (Figure 14). A much larger proportion of the males were 
obviously ripe. 

A total of 175 cutthroat trout were passed upstream during the weir’s operation, and 94% of these 
had been tagged when passed downstream earlier. The first cutthroat was passed upstream on 
10 June. 

OTHER MIGRANTS 
A total of 7,605 sockeye salmon 0. nerka, 347 chum salmon 0. ketu, 173 pink salmon 0. 
gorbuschu, 35 steelhead trout 0. mykiss, and two rainbow trout 0. mykiss were also passed 
upstream (Appendix A3). A total of 17 steelhead trout and 41 rainbow trout were also passed 
downstream. 
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Figure 14.-Weekly proportion of obviously ripe, sea-run cutthroat trout passing 
downstream at the Eva Creek weir during 1995. 

RESIDENT CUTTHROAT TROUT 
A total of 798 cutthroat trout of all sizes were captured while sampling in Lake Eva, including 
multiple recaptures. Of these, 394 were unique (not captured more than once in a given event) 
trout 2180 mm FL marked during event 1, 239 were unique trout 21 80 mm FL examined during 
event 2, and 43 of the 239 trout examined during event 2 were unique recaptures from event 1. 

The catch per unit effort (CPUE) for both gear types was lower in event 2 than in event 1 for 
cutthroat trout 2180 mm FL, but greater in event 2 for trout 4 8 0  mm FL (Table 2). Hook and 
line contributed more to the catch of cutthroat trout 2180 mm FL than to the catch of cutthroat 
trout 4 8 0  mm FL. The mean FL of all sizes of hook and line caught trout (272 mm) was 
significantly larger (K-S test, P<O.OOl, n1=522, n2=207, D,,=0.316) than for fish caught in the 
traps (243 mm). The CPUE for cutthroat trout 2180 mm FL decreased with depth, with a sharp 
drop in CPUE when depth was >10 m (Table 3). Almost all cutthroat trout <1 80 mm FL were 
captured at depths of 5 m or less. The mean FL of all cutthroat trout 2180 mm FL captured was 
greatest at moderate depths (5.5-15 m). 

None of the 239 trout 2180 mm FL examined in event 2 had lost a tag. One mortality was 
observed in 798 cutthroat trout handled, so handling stress was considered negligible. Almost all 
fish were believed in “good” condition (no excessive injuries or delay in recovery). 
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Five cutthroat trout tagged at the lake passed downstream through weir or were captured by hook 
and line between the lake and the weir. This was not a complete survey of emigration 
possibilities, but shows that emigration to a large alternative habitat (the outlet stream) was low 
(five in 394 marked during event 1). Thus, no adjustment for emigration was made. 

A total of 36 sea-run cutthroat trout (trout marked at the weir) were captured in Lake Eva during 
mark-recapture sampling events 1 and 2. Since the weir never washed out, was operated during 
events 1 and 2, and every immigrating trout 2180 mm FL was tagged, these immigrant trout were 
removed from the data and did not bias the population estimate. Without the weir, the population 
estimate for resident fish would have been biased high by about 5%, since 13 of 239 trout 
examined in event 2 were sea-run. Some immigration of resident trout may have occurred from 
the lake’s tributaries, but it was assumed to be low and no adjustment was made. 

The proportion of marked cutthroat trout in each area was not significantly different (X2 test, 
P=0.99, df=2) among areas in event 2 (Table 4), even though mixing was not complete (Table 5).  
The length distributions for marked and recaptured cutthroat trout were not significantly different 
(K-S test, P=0.38, n1=394, n2=43, D,,=0.142; Figure 15), suggesting the second sampling event 
was not size selective. Thus, for all cutthroat trout 2180 mm FL (i.e. pool all data), Chapman’s 
modification of the Peterson model was used to estimate an abundance of 2,154 cutthroat trout 
with a standard error of 274 fish. The relative precision of the 95% confidence interval for the 
population estimate was 24.9%. 

Because the length distributions of marked and examined trout were significantly different (K-S 
test, P=0.0067, n1=394, n2=239, D,,=0.136; Figure 15), only the length data from event 2 were 
used to estimate the resident population’s length composition (Appendix A4). The peak of the 
length distribution for resident cutthroat trout occurred at the 221-240 mm FL category, with the 
adjacent size categories contributing the next largest proportions (Figure 12; Appendix A4). 
Sea-run cutthroat trout (mean FL 303 mm) were significantly larger (K-S test, P<O.OOl, 
n1=2,542, nz=300, D,,=0.520) than resident cutthroat trout 2180 mm FL (mean FL 240 mm) 
during 1995. 

The mean Sr/Ca ratio of Lake Eva water was 0.00435, half the salt water ratio of 0.0087 
(Bruland 1983; Table 6). Because this is a marginal difference for this technique, and since Lake 
Eva Cutthroat trout appeared to spend a small time in salt water (and thus may not acquire 
significantly increased marine Sr levels), otolith collection and analysis for this objective was 
discontinued. 

A total of 3,006 Dolly Varden were also caught in Lake Eva (Table 2), but they were not marked 
when caught, so redundant captures (fish captured more than once) are unknown. Almost all of 
the Dolly Varden were captured by traps, and CPUE increased with depth, being the greatest in 
the two deepest strata (Table 3). 
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Figure 15.-Cumulative length distribution of marked, recaptured, and 
examined resident cutthroat trout sampled at Lake Eva during 1995. The length 
distributions of marked and recaptured trout were not significantly different, but 
the length distributions of marked and examined trout were significantly 
different. 

DISCUSSION 

The Dolly Varden emigration during 1995 (1 17,821) far exceeded the historical emigrations of 
38,957 in 1962 and 93,303 in 1963 (Armstrong 1965). Variations in survival may not be the sole 
cause for the observed variations in abundance, since varying proportions of a given Dolly 
Varden population may overwinter at sea annually (Bernard et al. 1995). Also, because Dolly 
Varden have a high fidelity to their overwintering site (Armstrong 1965; Bernard et al. 1995), the 
“additional” fish observed in 1995 should not have been “strays” from other overwintering sites. 
Evaluating the health of a Dolly Varden population from a single year’s data is risky, but the 
relatively high abundance observed in 1995 suggests the population is in excellent condition, 
relative to the 1960s. 

The comparisons of parameter estimates for length and age of the Dolly Varden emigrants in 
1963 and 1995 are complicated by differences in sampling and aging techniques. Mean length of 
the emigrants was much larger in 1995 (65 mm) after differences in sampling methodology were 
removed. Differences in age compositions were harder to resolve because of our limited 
commitment to re-aging large numbers of otoliths from 1963 so that reader bias could be 
accurately and precisely quantified. However, a limited analysis confirmed that Dolly Varden 
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emigrating in 1995 tended to be older and larger as a result of abundant older age classes and that 
emigrants 56 years old were larger at age in 1995. An outstanding concern of the historical data, 
however, is the efficacy of the collection methods used, since they were not random or 
systematic. Any size-selective sampling from the weir traps (i.e. dip-net avoidance, time of day, 
or trap location) could certainly produce a biased sample. This was not an issue in 1995 because 
we used systematic sampling methods. 

Differences in the length and age distributions between years are likely due to variations in 
recruitment (due to changing marine or freshwater conditions), a fundamental change in the 
productivity of the system, or human-induced harvest or habitat alterations. The combination of 
relatively fewer but significantly larger young (age 5 5 )  Dolly Varden in 1995 compared to 1963 
is consistent with density-dependent effects on growth and survival for young Dolly Varden. 

Lake Eva (105 ha) has a very high abundance of sea-run Dolly Varden for its size. Auke Lake 
(92 ha, near Juneau) Dolly Varden emigrations ranged from 3,052 to 11,728 fish (Doug Jones, 
Alaska Department of Fish and Game, Douglas, personal communication). Dolly Varden 
emigrations at Kook Lake (240 ha, Chichagof Island) ranged from 10,519 to 29,595 (David 
Barto, Alaska Department of Fish and Game, Douglas, personal communication). Sitkoh Lake 
(210 ha, Chichagof Island) had an emigration of 48,252 Dolly Varden during 1996 (Yanusz in 
prep.). Buskin Lake (101 ha, Kodiak Island), had Dolly Varden emigrations ranging from 
30,725 to 90,600 fish (Whelan 1993). Why the Eva system, like the Buskin system, is so 
attractive to sea-run fish is not clear. Perhaps there is an exceptional abundance of high-quality 
spawning and over-summering habitat near these systems. 

The emigration of sea-run cutthroat trout in 1995 (2,562) was almost double the historical 
emigrations of 1,594 in 1962, 1,210 in 1963, and 1,233 in 1964 (Armstrong 1971). Since both 
weirs effectively stopped the vast majority of fish, had few or no breaches by high water, and 
operated during the entire emigration, the methodology should not be biasing the counts. The 
timing of the mid-point of the cutthroat trout emigration in 1995 fell within the range of the 
historical data, which were 7 June 1962, 18 May 1963 and 10 June 1964 (Figure 4). We thus 
conclude the Lake Eva system is in exceptional health relative to the 1960s. 

The mean FL of 303 mm for sea-run cutthroat trout in 1995 is larger than the mean FL of 
284 mm in 1964 (Armstrong 1971). Since every migrant was measured during 1995, there is no 
sampling error associated with the 303 mm FL. However, the 1964 results were from a sample, 
for which a standard error was not reported. To estimate the variance of the mean FL for the 
1964 data, samples of the size taken in 1964 were drawn from the length-frequency distribution 
reported in Armstrong (1971). The resulting estimated SE of about 4 mm suggests the apparent 
difference in mean FL between the two years is significant. Another concern is that the 1964 
sampling was limited to between 27 May and 18 June 1964, which corresponds with the 1 1 th 
and the 65th cumulative percentile of the trout emigration (Figure 4), and is not a representative 
sample. Also, the sampling in 1964 was uniform (20 fish every other day) and no weighting for 
the non-proportional sampling was made to generate an unbiased estimate for the portion of the 
population sampled (Armstrong 1971). The relationship between FL and date of emigration 
(Figure 13) would cause the 1964 mean FL to be biased high. Since the unbiased 1995 mean FL 
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is greater than the high-biased 1964 mean FL, the observed difference of 19 mm (303-284 mm) 
actually underestimates the true difference, assuming the 1964 and 1995 emigrations had a 
similar trend in FL variation with emigration time (Figure 13). To estimate the influence of the 
truncated 1964 sampling scheme on the comparison, the identical sampling scheme (sampling 
the first 20 fish each day and the 1 lth through the 65th percentiles of the emigration) was applied 
to the 1995 FL data; the new estimate of 325 mm (as compared to 303 mm previously) suggests 
the actual difference between the means in 1964 and 1995 was more likely about 41 mm. 

The bi-modal length distribution of the 1995 cutthroat trout emigration suggests strong year-class 
effects (Figure 12), which naturally result from changing marine and freshwater conditions, 
harvests, and/or habitat alterations. However, the fact that the smaller-size trout emigrated 
relatively late (Figure 13) suggests they may be smolt of sea-run trout (Behnke 1992; Trotter 
1987). Relative differences in the strengths of the smolt populations is thus another explanation 
for the observed differences in the size distributions between years. In contrast, recent 
environmental conditions have been favorable for the growth and survival of other salmonids in 
Alaska, and sea-run cutthroat trout may have also benefitted. Interestingly, none of the sea-run 
fish in 1964 or 1995 exceeded 25 in total length (602 mm FL), the minimum size for “trophy” 
cutthroat trout under ADFG regulations. 

Lake Eva (1 05 ha) has a very high abundance of sea-run cutthroat trout for its size. Auke Lake 
(92 ha, near Juneau) has had 190 to 937 emigrant cutthroat trout each spring (Doug Jones, 
Alaska Department of Fish and Game, Douglas, personal communication). Cutthroat trout 
emigrations at Kook Lake (240 ha, Chichagof Island) ranged from 345 to 564 fish (David Barto, 
Alaska Department of Fish and Game, Douglas, personal communication). Sitkoh Lake (210 ha, 
Chichagof Island) had an emigration of 3,955 cutthroat trout during 1996 (Yanusz in prep.). 
Why the Eva and Sitkoh systems are so attractive to sea-run trout is not clear. Again, there may 
be an exceptional abundance of high-quality spawning and over-summering habitat near these 
systems. 

Cutthroat trout and Dolly Varden, whether sea-run or resident, are known to exhibit a wide range 
of life histories, even within the same system (Behnke 1992; Trotter 1987; Morrow 1980), and 
the Lake Eva populations show at least some of this variability. During winter, the majority of 
cutthroat trout in the Eva system are sea-run, and the Lake Eva sea-run trout reach a larger FL 
than do resident Lake Eva trout. Lake Eva, like some other overwintering locations in Southeast 
Alaska, is used for overwintering by stocks of cutthroat trout and Dolly Varden that spawn at 
many different locations (Doug Jones, Alaska Department of Fish and Game, Douglas, personal 
communication; Armstrong 1965). Fish with such a life history are vulnerable to harvests and 
habitat conditions well away from Lake Eva, and monitoring of the overwintering site may not be 
the best strategy to protect sea-run stocks (Armstrong 1984), as deficiencies of individual stocks 
may be difficult to detect unless individual components can be identified through tagging or 
genetic studies. Further comparisons of the many life-histories are restricted because sampling 
was limited to one season and a few gear types and locations, and as such cannot fully address 
the points above. However, it is clear that management strategies will need to address many 
considerations in order to be effective. 
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The life history of the sea-run cutthroat trout and Dolly Varden stocks may serve to reduce their 
harvests in the Eva system, and focus harvests onto the sea-run smolt and resident trout 
populations. We observed that most angling for trout at Lake Eva occurred during the summer, 
and most angling in Eva Creek was directed at sockeye salmon. Most sea-run trout and Dolly 
Varden exit the lake and creek prior to the arrival of these anglers. Anglers that did fish the creek 
in the spring were usually overwhelmed by the far more abundant Dolly Varden and caught 
relatively few trout. Sea-run trout leaving Lake Eva disperse to small, seldom-fished streams for 
spawning and apparently remain dispersed for the summer, whether in fresh water or salt water. 
Dolly Varden disperse similarly. We were not present at the Eva system to observe the angling 
pressure after 1 August 1995. The sea-run trout immigration has historically peaked during 
September (Armstrong 1971), and if anglers were attracted to the coho salmon run, then more 
sea-run trout and Dolly Varden may be incidentally harvested. 

Using the current abundance estimate, Lake Eva’s resident trout density of 21 troutha falls 
within the range of cutthroat trout densities in Southeast Alaska lakes, which range from about 2 
to 38 troutha (Schmidt 1994; DerHovanesian and Marshall 1995). Further consideration of the 
abundance of resident cutthroat trout in Lake Eva during 1995 will be made when results from 
the Jolly-Seber experiment are available. 

The percent of resident fish >336 mm FL in Lake Eva (the legal minimum size for “high use” 
lakes, 214 in total length) is 3%. Rigorous comparisons of the length distribution of resident 
Cutthroat trout at Lake Eva and other populations are difficult due to the variety of sampling dates 
and times, sampling locations, reporting methods, and the effects of gear selectivity 
(DerHovanesian and Marshall 1995). However, the general appearance is that the length 
distribution of the Lake Eva trout population is about median compared to other Southeast 
Alaska trout populations (Schmidt 1994; Hoffman and Marshall 1994; Harding and Jones 1993; 
Jones et al. 1992; Jones and Harding 1991; Jones et al. 1990). Under current region-wide 
regulations for cutthroat trout (1 2 in total length or 287 mm FL minimum size limit), 79% of the 
sea-run cutthroat trout population would be available for harvest while in Eva Creek. 

Very useful information about the life history of sea-run cutthroat trout might be gained if many 
radio-tracked trout were sacrificed for otolith Sr/Ca analysis after returning to their overwintering 
location. This would permit marine and spawning stream periods to be known and the usefulness 
of the Sr/Ca method could be quantified. 
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